ABSTRACT
Calcium (Ca) and phosphorus (P) are considered macrominerals in pig diets, primarily needed for bone 35 tissue synthesis, as well as many biochemical reactions such as protein synthesis, component of cell 36 membrane, and muscle contraction (Crenshaw 2001) . Deficient or excess levels of either Ca or P could 37 interfere with the utilization of the other, and may reduce growth performance of pigs (Hall et al. 1991) . 38 Hence it is critical to formulate appropriate Ca and P concentration in diets to satisfy pig's requirements. 39 The importance of formulating a diet on a digestible nutrients basis to satisfy the requirements of pigs 40 is widely known. However total Ca requirements rather than digestible Ca requirements are used due to a 41 paucity of Ca digestibility data (National Research Council, 2012) . To integrate Ca digestibility data, an 42 increasing numbers of studies have been conducted to determine Ca digestibility including plant ingredients, 43 inorganic sources, and animal proteins (Bohlke et al. 2005; Stein et al. 2011; González-Vega et al. 2015a; 44 González- Vega et al. 2015b) . 45 To measure the Ca digestibility, the first question that needs to be answered is whether ileal or total 46 tract digestibility should be used. Colonic secretion or absorption of Ca has been reported in previous studies. 
MATERIALS AND METHODS

63
All animal procedures were approved by the Purdue Animal Care and Use Committee.
64
Exp. 1 65 Three diets, which contained SBM, CM or SFM as the sole source of Ca were formulated (Table 1) to   66 contain 0.14, 0.16 or 0.14% Ca, respectively. Potassium phosphate was added to maintain the same Ca:tP 67 ratio among the three diets. Eighteen pigs (initial BW = 66 ± 5 kg) were surgically fitted with a T-cannula at 68 the distal ileum using procedures adapted from Dilger et al. (2004) . After surgery, the pigs were housed Four diets based on corn, soybean meal, cornstarch, and soybean oil were formulated (Table 1) .
79
Calcium carbonate was added in increments of 0.52%, which increased the total dietary concentration of Ca 80 in increments of 0.2%. Therefore the dietary Ca concentrations were calculated at 0.37, 0.57, 0.77, and 0.97% 81 respectively. Potassium phosphate was supplemented to increase the P level in order to maintain a 1.5:1 
Chemical Analyses and Calculations
91
Samples from two experiments were processed using the same procedure under similar conditions.
92
Samples from each pig within a period were thawed and pooled for analysis. Samples were dried at 55°C in 93 a forced-draft oven and then ground to pass through a 0.5-mm screen before analysis. All samples were 94 dried at 105°C in a drying oven (Precision Scientific Co., Chicago, IL) for 24 h to determine the dry matter 95 (DM) content. Chromium content was analyzed using the method described by Fenton and Fenton (1979) .
96
Samples were wet digested in concentrated nitric acid and 70% perchloric acid and then measuring the 97 absorption at 440 nm using a spectrophotometer (Spectronic 21D, Milton Roy Co., Rochester, NY). Calcium 98 and P concentrations were also determined after the wet digestion. Calcium concentration in wet digested 99 samples was determined using an atomic absorption spectrometer (AOAC, 2006; AAnalyst 300; Perkin 100 Elmer, Norwalk, CT). Concentration of P was determined by spectrophotometry at 620 nm (AOAC, 2006; 101 SpectraCount, model AS1000, Packard, Meriden, CT).
102
The AID and ATTD of Ca and P were calculated for all the diets using the following equations: 
RESULTS
120
Exp. 1
121
The diets used in this study were analyzed to contain 0.17, 0.21, and 0.16% Ca; 0.41, 0.47, and 0.40% 122 P respectively as shown in Table 1 . The analyzed values were higher than formulated for at 0.14, 0.16, and 123 0.14%, but the Ca:tP ratio was still consistent at 0.4. Pigs easily consumed all the diets, and no problems 124 with feed intake were observed.
125
Results in Table 2 indicated that the DM digestibility of SFM was lower than that of SBM and CM as 126 expected, because of the high fiber concentration in SFM. The digestibility of Ca and P digestibility in SFM 127 were also lower compared with SBM or CM, and there was no difference between SBM and CM. For either 128 Ca or P, there was no difference between the values for ATTD and AID (P site = 0.16 or 0.81 respectively).
129
No interactions between Ca source and intestinal sample collection site were observed for Ca or P 130 digestibility.
131
Exp. 2
132
The diets used in this study were analyzed to contain 0. 37, 0.56, 0.76, and 0.96% Ca; 0.25, 0.37, 0.50, 133 and 0.63% P respectively as shown in Table 1 , which was in agreement with the experimental design and the 134 Ca:tP ratio was constant at 1.5. Pigs easily consumed all the diets, and no feed refusals were observed.
135 Table 3 shows that the digestibility of Ca was not affected by the dietary treatments (P diet = 0.14). There 136 was no site effect on Ca digestibility either (P site = 0.11), which signified that the AID and ATTD of Ca are 137 not different. Different from Ca digestibility, a significant difference was observed in P digestibility among 138 different dietary treatments (P diet < 0.01). However, no site effect was observed on P digestibility either (P site 139 = 0.56). There were no interactions between Ca level and intestinal sample collection site for Ca or P Furthermore, Karbach and Feldmeier (1993) demonstrated that even with highly efficient hindgut absorption 180 of Ca, the in the arge intestine contributes only little to the overall Ca absorption. In the current 181 experiment, using ileal digesta as input and feces as output, the apparent digestibility of large intestine were 182 calculated to be -2.09%, 5.18%, and -4.69% for SBM, CM, and SFM respectively. This vividly shows that 183 when the dietary Ca concentration was lower than the requirements, the net Ca absorption in the large 184 intestine was small in the CM diet. The secretion of Ca into the large intestine was more than Ca absorption 185 in the large intestine for SBM and SFM diets as seen in the negative numbers. Because there was no 186 statistical difference between AID and ATTD, it can be concluded that in the large intestine of pigs, the 187 amount of Ca absorption or secretion is small and negligible. Observations for P digestibility were similar to 188 those for Ca as there was no difference between AID and ATTD of P for any of the diets. This also agrees 189 with previous data that there is no net P abosorption or excretion in large intestine (Bohlke et al. 2005; 190 Dilger and Adeola 2006). Hence more Ca digestibility studies are needed to be conducted under the microbial phytase condition.
225
Similar to Ca, P is mainly absorbed in the small intestine through both active and passive transepithelial P 226 transport, but a different trend was observed for P digestibility. The P digestibility increased linearly as the P 227 level increased, even though the levels of P exceeded the P requirement of pigs (National Research Council, 228 F o r R e v i e w O n l y 10 potassium phosphate increased from 0 to 1.75%, the proportion of P from potassium phosphate increased 233 from 0 to 60% of total P, which increased the average P digestibility in the diets. Pointillart, A., Fourdin, A., Bourdeau, A. and Thomasset, M. 1989 
